. an important mechanism for regulating Th1 polarizaObviously, excessive or inappropriate production of tion in response to innate and adaptive immune net-IL-12 family cytokines in response to PRR or CD40 liwork activation.
trol of PRR-induced synthesis of IL-12 from human monoNext, we assessed whether IFN-γ priming is a prereqcytes. Further, the C5 cleavage fragment C5a was uisite for the inhibitory effect of C5a on IL-12p70. We found to downregulate LPS-and Staphylococcus found substantial production of IL-12p70 in Mfs in reaureus Cowan strain I (SAC)-induced synthesis of ILsponse to LPS without prior IFN-γ priming ( Figure 1C ). 12 in human monocytes, but not in monocyte-derived Importantly, preincubation with C5a inhibited the syndendritic cells (DCs) (Braun et al., 2000; Wittmann et al., thesis of IL-12p70, suggesting that exogenous IFN-γ 1999). In contrast, ablation of C5 in murine Mfs leads priming is not a prerequisite for the inhibitory effect of to reduced IL-12 production in response to IFN-γ + SAC C5a on IL-12p70 production from elicited Mfs. Further, stimulation, suggesting that C5a can enhance IL-12 TLR4 activation in unprimed Mfs induced the release production (Karp et al., 2000) . These conflicting data of significant amounts of IFN-γ, which were substansuggest a complex, cell-dependent role of C5a in IL-12 tially reduced (66%) in the presence of C5a in C5aR-regulation. The underlying molecular mechanisms and sufficient mice ( Figure 1F ), but not in C5aR-deficient the consequences of such regulation on adaptive immice (data not shown). munity and infection remain elusive.
IL-12 is a heterodimeric cytokine comprising the p35 We show here that C5a has a negative impact on and the p40 subunits, both of which are largely regu-TLR4-induced synthesis of IL-12, IL-23, and IL-27 and lated at the level of transcription (Liu et al., 2003) . In provide evidence that C5aR signaling pathways comaddition to IL-12, two other heterodimeric cytokines, prising extracellular signal-regulated kinase (ERK) and Figure 1G ). The strongest effect was on IL-12p40 larization, the in vivo relevance of which was docu-(6500-to 17,000-fold) followed by IL-12p35 (400-to mented by the acquisition of resistance to Leishmania 1300-fold), IL-27p28 (460-to 900-fold), and IL-23p19 major infection by the genetic deficiency of the C5a (150-to 490-fold). C5a markedly inhibited the upregulareceptor in normally susceptible BALB/c mice.
tion of all IL-12 family cytokine genes, indicating that C5a regulates IL-12 family expression at the mRNA Results level. This is not a general suppressive effect of C5a on Mfs, as we found no suppressive effect of C5a on other C5a Downregulates TLR4-Induced Expression cytokines induced by TLR4 activation such as TNF-α of IL-12 Family Cytokines or IL-10 (data not shown). We investigated the effect of C5a receptor (C5aR) signaling on TLR4-induced IL-12 family cytokine prodC5a Regulates Expression of IL-12 Family Cytokines uction from thioglycollate-elicited and IFNγ-primed through Activation of PI3K and ERK1/2 Mfs. Cells were stimulated with LPS from 1.5 to 24 hr C5a exerts its effector functions by ligating a specific in the presence or absence of C5a ( Figure 1A ). ConsisC5aR (CD88), which belongs to the large superfamily tent with previous data (Trinchieri, 2003) Figure 1A ) and dose-dependent of C5a on IL-12p70 expression (data not shown). In hu-( Figure 1B) manner. In addition to C5a, the C3a anaphyman neutrophils, C5aR can couple to Gα i and Gα 16 , relatoxin negatively regulated IL-12p70 production (Fig- sulting in activation of the Ras-Raf-MEK-ERK pathway ure 1C), albeit to a lesser extent than C5a (31% versus (Buhl et al., 1995) . Further, C5aR triggering in human 84% at 200 nM). In contrast, the chemokines CCL2 and neutrophils was suggested to activate class I B PI3K CXCL2 had no effect, whereas CCL3 significantly in-(PI3Kγ) (Perianayagam et al., 2002) . PI3Kγ belongs to a creased IL-12p70 production ( Figure 1D Figure 2C ). These data suggest that C5aR signaling has a negative impact on TLR4-induced IL-23 production by a PI3K-dependent pathway. Further, our findings indicate a role for PI3K in C5a-mediated inhibition of IL-12, whereas the regulation of IL-27 is PI3K independent. As only the p40 subunit of biologically active IL-12 was suppressed by C5a-induced PI3K, it remained unclear whether this effect would impact the formation of the IL-12p70 heterodimer. Thus, we determined the expression of IL12p70 in response to TLR4 activation in the presence 
hibition depends on increased IL-12p35 expression, which is consistent with a previous report that IL-12p70 formation is limited by IL-12p35 (Snijders et al., 1996). portantly, ERK phosphorylation has been found to supAccordingly, the C5a-induced inhibition of IL-12p70 is press the synthesis of IRF-1 (Goodridge et al., 2003). independent of its PI3K-mediated negative regulation
Based on these data, we hypothesized that C5a supof IL-12/IL-23p40. presses IRF-1 by an ERK1/2-dependent mechanism. As In a search for signaling pathways that may account for depicted in Figure Figure  4C ). Importantly, MEK1/2 blockade by U0126 abolished the inhibitory effect of C5a (Figure 4C ), whereas the administration of the control molecule U0124 had no effect (data not shown). Together, these data suggest that C5aR signaling through MEK1/2-ERK, but not through PI3K, is of critical importance for C5a-mediated inhibition of CD40-induced IL-12p70 production. brefeldin A (10 g/ml) was added, and cells were incubated for another 2 hr followed by fixation, permeabilization, and analysis with flow cytometry as above. Parasite loads in the ears were determined 4 weeks postinfection Samples were analyzed on an iCycler Real-Time PCR System (Bias described . In brief, the ventral and dorsal oRad). Gene expression levels were normalized to Actin-β expressheets of the infected ears were separated and deposited dermal sion, and induction of gene expression was calculated relative to side down in RPMI containing 100 U/ml penicillin, 100 g/ml strepunstimulated cells.
C5a Negatively Impacts Th1 Polarization In Vitro and In Vivo

Determination of Gene Expression Levels in Elicited Mfs
tomycin, and 50 g/ml of liberase CI enzyme blend (Boehringer). Ears were incubated for 40 min at 37°C. The sheets were dissociCytokine ELISA ated in RPMI with 10% serum and 0.05% DNase I (Sigma), and IL-12p70, IFN-γ, and IL-4 concentrations in supernatants from stimtissue homogenates were filtered with a 70 m cell strainer (Falcon) ulated Mfs or restimulated lymph node cells were determined by and serially diluted in a 96-well flat-bottom microtiter plate containusing Duo Set ELISA kits (R&D Systems) per the manufacturer's ing biphasic medium (50 l NNN medium, 20% of defibrinated rabprotocol. Detection limits were 23.4 pg/ml (IL-12p70), 31.2 pg/ml bit blood overlaid with 100 l M199/S). The number of viable para- (IFN-γ) , and 15.6 pg/ml (IL-4). sites in each ear and from local-draining lymph nodes was determined from the highest dilution at which promastigotes could be grown out after 7 days of incubation at 26°C. Determination of ERK1/2 phosphorylation 2 × 10 6 IFN-γ-primed Mfs were stimulated with C5a (50 nM) for 0.5-20 min. Cells were washed twice with cold PBS/orthovanadate Cytokine production after Restimulation of Lymph Node Cells from L. major-Infected Mice (2 mM), lysed in 50 l lysis buffer (1% Triton X-100, 5 mM EDTA, 50 mM NaCl, 50 mM NaF, 10 mM Tris/Cl [pH 7.6], 0.1% BSA, 10 g/ml For cytokine measurements in culture supernatants, cell suspensions from lymph nodes of individual mice were taken 4 weeks Aprotinin, and 10 g/ml Leupeptin) and incubated 5 min on ice. Lysates were cleared by centrifugation (25 min, 15,000 × g at 4°C), postinfection and resuspended in RPMI containing FBS/pen/strept at 6 × 10 6 cells/ml, and 0.1 ml was plated in 96-well U-bottom applied to 12% SDS PAGE, and analyzed by Western blotting using a Phospho-p44/42 MAPKinase antibody (1/2000, clone 9101, Cell plates. Cells were incubated at 37°C in 5% CO 2 and stimulated for 72 hr with 25 g/ml soluble leishmanial antigen. IFN-γ and IL-4 Signaling) and anti-rabbit IgG HRP (1/2000, Cell Signaling). Signals were visualized by ECL detection system (Amersham). Equal loadlevels were analyzed as described above.
